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integral Ultrasonic Liquid Level Continuous Transmte With 
Independent High-Level Discrete Alarm Po.nt Level. 


p.pIH of the Invention 

The invention reiates to an ultrasonic liquid leva, sensor instrument 

th a, combines a continuous transmitter that transmits though the air .or 
m easuring the leva, o, liquid in a vasse, on a continuous basis and a point leva, 
sensor that sets a high level alarm. 


BackgrgurttLolthR Invention 

Ultr asonic instruments for measurin 8 the ,eva, o. liquid in a vessel are 

transm itte ich an ultrasonic „ansmitte-,receiver transduce, is iocated ,n a 

vesS e, at a certain heigh, and transmits ultrasonic energy through the air to the 
,, uid ,eve, surface. The time measured between the transmission and return o, 
th e uitrasonic energy is used to compute the distance from the transducer to the 
liquid level. 

While such air type ultrasonic transmitter systems are quite 

the ,eve, of the transducer or the transducer fails. When either o, such events 

the failure and there is no way to 


occurs 


, the system has no way to determine 


produce a signal to indicate such failure condition. 

A problem of this type is found in an aircraft sanitary tank system 
having a receiving vessel which contains different kinds of wastes and liquid. 
Present systems in aircraft use a different pressure transducer to continuously 
monitor the liquid level in the vessel. However, due to the dirty neture of the 
liquid, even when the vessel is not over-filled, the pressure sensing tube 
sometimes gets plugged. This causes false alarms to which service people must 
respond ,o service the tank when the aircraft is on the ground. Such false alarms 
are expensive to respond to in order to clean-up and repair. This presents a 
problem, particularly when maintenance must be provided on an expedited basis in 
order to maintain flight schedules, and increase maintenance costs. 

Rrief Desr -'i p'inn of th e Invention 

The present invention relates to an ultrasonic instrument, which 
combines both an air type continuous level ultrasonic transmitter/receiver together 
with a gap type point level ultrasonic sensor. The continuous level 
transmitter/receiver provides a continuous measurement of the liquid level in the 
vessel and the point level sensor is used for sensing an overflow, or high level 
condition in the vessel. Each of the continuous transmitter/receiver and point 
level sections of the instrument has a self test capability. . 

The instrument of the invention includes a sensor fixture that holds 


b oth the continuous air transmitter/receiver transducer and the point leva, sensor. 

the , iq uid lave, is being monitored, in a preferred embodiment of the invention the 
continuous ultrasonic transduoar transmitter/receiver is at the top of .ha fixture 
for transmitting ultrasonic energy through the air to the surface of the liquid 
during norma, operation. The point level sensor o, the fixture is formed by an air 
gap type ultrasonic transducer, preferably ,ocated be,ow the continuous energy 
trans ducer, to sense an over-.,ow condition, i.e., when the liguid rises near to. bu, 
below, the level of the continuous air type transmitter/receiver transducer. 

,n accordance with the invention, the arrangement provides for both 
continuously measuring .ha distance from .he instrument to the top o, the liguid 

t0 sense when there is an overflow or failure of either of .he continuous sensor or 
tne point lava, sensor. Since the fixture uses a single hoie for moun.ing as 
compared to existing three ho,e sys.ams, .ha, have one ho,e for the air transmitter 
and two for the point Ieve, sensor, the costs of mounting and the number of leax 
points in the sanitary tank are reduced. 

niii,nr--rir"""" <th " "rawing* 

Other objects and advantages of the present invention will become 

mo ,e apparent upon reference to the following specifications and annexed 


drawings, in which: 

Fig. 1A is a schematic diagram of the continuous level measuring 

section of the instrument; 

Fig. 1 B is a schematic diagram of the point level measurement 

section of the instrument; 

Fig.2 is an elevational view of the sensor fixture; and 
Fig. 3 is a front view of the sensor fixture. 

nailed De" " Tti"n nf the Invention 

Fig. 1 A shows a tank or vessel 10 that contains a liquid 1 1 . In an 
aircraft sanitary tank application, the liquid often contains human waste solids. 
The vessel 10 is shown as having a Cosed top, which is usually found in an 
aircraf, sanitary tank application, although the invention can be used with open 
, op vessels. A fixture 20, hereafter called the sensor fixture and whose details 
are described below, is mounted to the wall o, vessel 10 through a single hole. 

Referring to Figs. 2 and 3, the sensor fixture 20 has a main body 22 

used to fasten the fixture 20 to the wa„ by any suitable means, such as screws, 
an epoxy adhesive etc. A packing member or washer (not shown, is preferably 
used between the flange 24 and the vessel wall. 

The fixture 20 has a par, circular section 26 that fits into the vessel 


mounting hole and extends from the flange 24 into .he vessel interior. The 
section 26 has an opening 28 at its bottom so as to effectively define a pair of 
arms 30a and 30b tha, extend from the body 22. The arms 30a and 30b have 
respective flat opposing inner faces 32a and 32b. There is a gap between the 
wo opposing inner feces 32a and 32b which are substantially parallel to each 
other. An ultrasonic transducer element 33, for example a piezoelectric material 
such as PZT. is mounted in each of .he arms 30a and 30b with .he .wo e.emen.s 
33 each having a flat face and with the element flat faces being generally parallel 
to each other. The .rensducer elements 33 are of suitable size and shape cu. to 
operate a. a desired frequency. As explained below, .he .wo .rensducer elements 

33 are part of a liquid point level sensor. 

An elongated arm 36 extends outwardly from the upper part of the 
, xt ure par. circular section 26 above the arms 30a and 30b. The arm 36 also 
extends outwardly of .he ends of .he point level sensor support arms 30a and 
30b. The elongated arm 36 is a, a suitable angle such .hat its bottom face 38 will 
be generally parallel .0 .he upper surface of the liquid 1 1 in the vessel 10. The 
arm 36 is the support for the continues level .rensducer. An ultrasonic transducer 
element 40, such as a PZT piezoelectric crystal is mounted in the extending 
upper erm 36 near its dis.a, end. The elemen. 40 is a, a known heigh, from ,he 
bottom of vessel ,0. As described below, .he elemen. 40 is used es .he sensing 
element for a continuous measurement of .he heigh, of .he liquid 1 1 in vessel .0. 


Since the transducer eiemen, 40 is spaced outward* of the arms 30a and 30b for 
the pcint level transduce,, the energy front the continuous transmitter to the 
surface of the liquid is unobstructed. 

Leads, no, shown, are embedded in the fixture arms 30 and 36 from 
each of the transducer elements 33 and 40. The leads extend into the fixture 
ba se 22 that is outside of the vessel. In a preferred embodiment of .he invention, 
the base 22 houses the electronic components of the instrument, as described 

provides connections to supply e,eotrica, power to the electronic circuitry within 
the base 22 and also connections to externa, elements such as a display that 

When the fixture 20 is mounted to the vessel wall, the plane of each 
of th e two elements 33 wil, be generally perpendicular «o the liquid 1 1 in the 
vessel 10. The plane of the element 40 in the extending arm 36 will be 

em bodiment o, the sensor fixture 20, the arms 30a and 30b extend outwardly 
about 2 inches from the flange 24 and the arm 36 extends outwardly for abou, 4 
inche , Any suitable dimensions can be used depending upon the particular 
application, the size o, the vessel 10, etc. The fixture 20 is preferably o, one 
piece molded construction o, a suitable materia, such as a plastic, epoxy or 
another type of plastic such a s TEFLON, etc. 


The following explains the operation of the continuous sensor that 
includes the transducer element 40. The velocity of transmitting ultrasonic 
energy through air or a partial vacuum is computed by using equation: 


Vt 

where: 


= Vo y^TTmz (1) 


Vo= Velocity of sound at 0°C = 331 .3 meter/sec 
Vt = Velocity of sound at temperature t in degrees C 
Vt- Velocity of sound at 20° C = 343.2 meter/sec. 
In the instrument of the invention, the ultrasonic energy from the 
transducer element 40 is transmitted through the gas medium (air or partia. 
vacuum) in the vessel 10. The energy reflected from the gas medium/interface at 
the top of the liquid body travels back to the transducer element 40 from the 
interface. The round trip transit time of the u.trasonic energy is measured by 
using the following formula from which the height of a liquid is calculated. 
Vt = 2.,T < 2) 

where: 

I = measuring distance 
T = transit time 

Thus, the distnce I can ba computed by determining the round trip transit time of 
the ultrasonic energy from the tranmitting/receiving eiemant 40 and its return to 
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th e element after reflection from the air/liquid interface. Since the height h of the 
element 40 from the bottom of the vesse, is known, the height L of the liquid 
body, or liquid level, is: 

L-h-l l3) 

A problem that can arise in the accuracy of an ultrasonic sensor is 
caused by various externa, factors, such as temperature, pressure and humidity. 
The measured round trip time using a transducer that transmits through the air is 
no, as accurate as a direct measurement of liquid body .eye, or interface height. It 
therefore becomes desirable to proyide an arrangement to compensate for such 
ohange of at least the external temperature factor to provide correction to the 
measured time. In .he present invention an integral temperature sensor 50 is 
provided. This can be mounted at any suitable location on the fixture 20, such as 
m0 un,ed in the arm 36. The temperature sensor is any suitable well known 
device such as a semiconductor temperature sensor, a thermistor, etc. The 
sensor 50 measures temperature within the vessel and produces a signal used to 
provide correction for the velocity of the uitasonic energy in the air in the vessel 
so as to ensure accurate computation of the distance.between the element 40 

and the surface of the liquid body 1 1 . 

in a preferred embodiment of the invention the continuous sensor is 
designed to increase the efficiency o, an ultrasonic sensor in a partial vacuum and 
highly foamy liquid such as encountered in an aircraft waste tank. A ring type o, 


8 


ultrasonic sensor is preferred having a resonant frequency 

Fr - JL W 
(a-b) 


where: 

N = a constant in KHZ-mm 

a = outer radius of multi piezo elements 

b = inner radius of multi piezo elements 
A sensor o, this type has a directivity o, heam that can be made very narrow. For 
example, a, an operating frequency of th eultrrasonivc energy o, about 75 - 50 

main lobe. 

Fig. 1A shows the circuit of the instrument with .he upper part 
b eing the continuous treasuring section and the iower par, being the point level 
section. The instrument inciudes a convention, microprocessor 60 which is 
suitabiy programmed to contro, the operation of the instrument and a,so to 
perform the necessary calcuiations for the continuous level sensor. The 

produces a puise of ultrasonic energy that is applied to the element 40 in the 
The microprocessor 60 is programmed to cause production the 
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puls es from the generator 62 on a periodic basis with enough time between any 
tw „ successive puises tor the energy reflected from the air/liguid interlace to be 
returned to the eiemen, 40 and for the microprocessor 60 to make the 

Height. When the fixture 20 is mounted to the vesse, wali the heigh, of the 
transducer element 40 from the bottom o, the vesse, is known. The calculation 
performed by the microprocessor is to determine the distance i between the 
eiement 40 and the liquid/air interface and to subtract this distance from ,he 
Known distance h o, the eiemen, 40 to the bottom of the vesse, to determine tye 

height L of th eliquid level body 11- 

The energy reflected from the air/liquid interface is converted to an 
electrical signal by the transduoer element 40 and the signal is applied to to an 
amplifier 64 which is preferably of the high gain type.. One output and of the 

analog/digita, converter 66. The analog/digital converter 66 is gated on by a 
5ig „a, from the microprocessor 60 at the time when the energy reflected from the 

amplifier 64 into digital form. The output of the analog/digita, converter 66 is a 
digital representation of the received energy. 

The microprocessor 60 operates in a manner such that a number of 
pulses are produced by generator 62 and transmitted by the element 40 to the 
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air/liquia interface during a *- - * — - " 

interf ace. The output - the ana,og,digita, convex 66 is applied to and stoted in 
also gat ed on by a - signa, ,0. the microprocessor 60 for the 

The output o, the memory 68 is applied to a signa, mapping circu,t 
70 which seiects from the digital samples stored during a measurement interval 
the digital sampie that corresponds to the largest amplitude of the rejected signal. 
This will be the most reliable value due to conditions that might exist a, the 

7 0 can be par, o, the microprocessor 60 or can be a separate circuit, such as a 
conventions, digital signal processor that has been suitably programmed. 

The output of the signa, mapping circuit 70 is applied to the 
coprocessor 60 which maKes the necessary calculation o, the distance 
batw een the transducer element .0 and the a*uid interface based upon the 
, me measured between the transmission o, the signa, from the element ,0 and 
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the body of liquid 1 1 in the vessel 10 is defined as expiained abova. 

Tba microprocessor 60 a,so receives a signal from a temperature 

.emperature signa, is usad ,o modify tba calculation made by tba microprocessor 
60 t „ correct tba ta.para.uta effect on tba transit time on tba anar g y 
from and raoaivad by the transducar alamant 40. 

The continuous circuit also includes a tbrasbold oontro, oircuit 74. 

ref , e cted from tba air/liguid interface tba, is aooaptabia for processing by ,ba 

of . t brasbo,d discriminate, circuit 72. wbicb is a comparator type oirouit, wbose 

mta oprocessor 60 tba, is usad to perform ,ba beight ,ava, calculation is activated 

only if tba minimum thrashold is exceeded. 

The microprocessor 60 also bas an output 6, of a conventional type, 
such as 4-20 ma current or 0-10 volts. Tbasa output signa.s are used for 
conventional dispaly. alarm and control devices, as is welUnown. 

,n tba continuous mode of operation of tba system, pulses of 
opsonic energy from tba driver circuit 62 are transmitted by tba pia Z o element 

t ne microprocessor 60. After tbe sensor element 40 transmits tba ultrasonic 
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energy through the gaseous medium in the vessel 1 0 the Coprocessor 60 sends 
a command signal as a ive switch to open the transmitter path from 

ntapping by the microprocessor 60. The digital data produced h V the hi 9 h speed 
M) converter 64 computes the signature o, the received signal, even in a foamy, 
vacuum and highly noisv environment, to provide for more accurate measurement 

of the liquid level in vessel 10. 

A self-tes, capability is provided to the circuit of Fig. 1 A in the 
following manner. When the piezoelectric efemen, 40 is operating in the 
emitting mode, some o, the ultrasonic energy wil, impinge on a part o, the 
structure c, the fixture 20 end be refleceted bacx to the element. This ie 
sometimes Known as the ringing or dead zone o, the sensor. Such energy 

• ^ kw thP element 40 before the energy 
reflected from the fixture 20 will be received by the element 

energy can be se, by the microprocessor 60 to occur eech measurement interval 

is detected, this is an indication that the element 40 has become totality or 
pattially disbonded. That is, the continuous level transducer has failed. The 
microprocessor 60 also can be programmed to provide an indic,ion o, the 
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transducer failure. 

The above described part of the instrument that makes the 
continuous measurement has an advantage in that a non-contact liquid level 
m easurement is made using ultrasonic energy. This is an attractive alternative to 
comae, type measurement systems since a„ problems o« cross-contamination and 

liq uid and contaminating solids never touches the sensor. 

Fig . IB shows the point ieve, measurement portion of the instrument. 
As explained above, in a preferred embodiment of the invention, all of the 

,„ the preferred embodiment of the invention, a continuous wave, closed loop 

formed by the piezoelectric elements 33 in the arms 32a and 32b. Each element 
33 is connected by a respective matching network 82a and 82b to the output and 

oth er impedance element such as an induotoror, capacitor or combination o, these 
elements. The matching networks are a,so preferabiy housed in the fixture 20. 

int egra, number o, 2ll radians the loop will osciilate and produce an output 
sig „al. That is, the presence or absence o, oscillation in the loop determines 
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whether liquid is present or absent in the sensing gap. 

The loop osoillates at a partioular frequency, which is primarily 
determined by the oonstruotion of the transducer formed by the two piezoelectric 
elements 33 and the matching network. It is preferred the, the transdueer have 
a high Q so that the frequency of the ioop oscillation will be stable. A freqenoy of 
, Mhz has been found to be satisfactory. The output o, the loop is applied to the 
input of a high pass filter 86 that will pass the osoillation signal and then to an 
envelope deteotor 88 whioh deteets the pea* amplitude o, the signal. The srgna, 

sets a minimum signal level so tha, the instrument will discriminate against false 

the output 61 of the microprocessor 60. 

The point level portion of the instrument also has a self-test 
capability to chec* for failure o, sensor components. This includes the 
pi e 2 oe,ec,ric crystals 33 in the arms 32a and 32b and the associated electron,, 
Se„-tes, is performed by a demand self-tes, input. When demand self-tes, goes 

of th e associated e,ectronic components. The demand can be made by a manual 
switch or else programmed by the microprocessor 60 ,o be accomplished 
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periodically. 

Specific features of the invention are shown in one or more of the 
drawing for convenience only, as each feature may be combined with Cher 
features in accordance with the invention. Alternative embodiments win be 
recognized by those skilled in the art and are intended to be included within the 
soope of the Cairns. Accordingly, the above description should be construed as 
Hlus.ra.ing and not limiting the scope of <he invention. A„ such obvious changes 
and modifications are within the patented scope of the appended claims. 
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